Alveolar bone healing in rats: micro-CT, immunohistochemical and molecular analysis Alveolar bone healing after upper incisor extraction in rats is a classical model of preclinical studies. The underlying morphometric, cellular and molecular mechanism, however, remains imprecise in a unique study.
Introduction
Given the search for a favorable bone and an ideal support for dental implant placement, understanding the alveolar bone healing in preclinical studies is crucial. Bone is a dynamic tissue, where bone cells drive the molecular and cellular mechanisms involved in the bone healing 1, 12 . These cells act together signaling molecules to maintain the bone turnover 28 . Also, the mechanisms of development and maintenance of bone occurs constantly, since local factors such as mechanical stimulation and systemic factors can interfere in this process 29 . In ideal conditions, bone turnover is balanced by formation and resorption, allowing the maintenance of bone mass and ensuring calcium and phosphate levels 27 . Therefore, the characterization of the dynamic process of bone to replace an extracted tooth is a topic of special interest in Dentistry 4, 5 .
Alveolar bone healing after tooth extraction has been analyzed in many experimental and clinical conditions. A classical model used to study bone healing after upper incisor extraction in rats is to describe the alveolar healing in three different phases 22, 23 :
first, coagulum formation and cells proliferation from connective tissue; second, connective tissue formation and healing; finally, ossification phase completed with 28 days, and corresponding to 64 days in humans 22, 23 .
Okamoto and de Russo 22 (1973) defined the dynamic of these events showing an important proteins activity during the 14 th day after tooth extraction. Another similar histological study revealed that this process is complete at 28 th day with the alveolar socket almost totally filled with bone 23 . In addition, described that the alveolar socket has the crest remodelation and the gingival epithelium regeneration in the end of this process 23 .
The advent of Molecular Biology raises questions regarding the molecular aspects of bone healing beyond the histological studies, in particular about identifying genes responsible for proteins synthesis involved in the mechanisms of bone healing after tooth extraction. Moreover, the gene expression can be related to the immunohistochemical staining in different areas of the alveolar bone 7, 8 , which also results in the morphometric parameters evaluated by micro-CT during the alveolar bone healing 30 . In addition, physiologic conditions such as osteoporosis, uncontrolled diabetes and hypertension have been associated with impaired bone metabolism 6, 20 Group I -Analyzed 7 days after tooth extraction.
Group II -Analyzed 14 days after tooth extraction.
Group III -Analyzed 28 days after tooth extraction.
In each group with 10 animals, being 5 for micro-CT and immunohistochemical analysis and others 5
for RT-PCR analysis. of significance of 5% and power test of 95% were adopted, and it was suggested four animals per group. 3 is intense immunostaining and more than 75% of the area, according to previous studies 8, 18, 19, 25 .
The representation of the immunolabeling data was performed through the most frequency score attributed to the animals of each period of evaluation.
Molecular analysis
Fifteen animals, 5 per group at 7, 14, and 28 days after extraction, were submitted to sedation with xylazine hydrochloride (0.03 ml per 100 g body weight;
Coopers Brasil Ltda., Cotia, SP, Brazil), to promote muscle relaxation, and ketamine hydrochloride (0.07 Three-dimensional surface models of the socket observed using the Mimics software (Materialise, Leuven, Belgium). Sagittal plane. White color represents the bone formation in the alveolar socket healing Consequently, the opposite was observed in Tb.Sp and Po(tot). For Tb.Sp, the highest values were seen at 7 days, and then they gradually decreased over time, with the lowest values at 28 days ( Figure 4D) Figure 4F ). Since 7 days until the 28 days, the three-dimensional images revealed the bone volume and trabecular thickness progressive increasing over time in the alveolar socket healing.
Histological analysis
The histology of the middle third of the alveolar socket at 7, 14, and 28 days after extraction are shown in Figure 5 . Representative immunostaining of OPG, RANKL, and TRAP at 7, 14, and 28 days after right upper incisor extraction. OPG and RANKL showed moderate staining all periods analyzed. TRAP was moderate at 14 days and mild at 7 and 28 days. Red arrows indicate intensity of protein tags (63x magnification) ( Figure 8E ). OST expression increased at 28 and 14 days compared with 7 days (p<0.05, Shapiro-Wilk) ( Figure 8F ). RANK was not significantly increased (p >0.05, ANOVA-1 factor) ( Figure 8G ). Bone turnover, calculated using the RANKL/OPG ratio, was decreased at 28 days (p<0.05, Tukey test) when compared with 7 and 14 days ( Figure 8H ).
Discussion
This study characterized the alveolar bone healing after the upper right incisor extraction in rats. The alveolar bone healing showed to be complete at 28 days after surgery, supporting previous studies 15, 16, 22, 23 . . There is strong evidence that suggest a role of OPG/RANK/ RANKL system in BMU activity 9, 28 . Moreover, in relation to the expression of the mRNA, there were differences in the expression of the proteins RUNX2, OST, OC, and OPN along the bone healing 15, 21 .
As expected, the RUNX2 expression increased at 28 days after extraction, performing the differentiation of the pre-osteoblasts into osteoblasts, responsible for the bone formation Additionally, OPG and RANKL protein showed strong activity at 14 days after extraction, which can be related to higher BMU activity during this time.
In summary, a favorable alveolar bone healing is 2) Beyond other proteins expressed, the mutual activity of OPG and RANKL is essential for BMUs activation during the alveolar bone healing.
